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[57] ABSTRACT

An element for detecting internal faults in an insulating
gas charged electrical apparatus comprises a substrate
disposed in the electrical apparatus charged with an
insulating gas, a pair of electrodes disposed on the sub-
strate, and a thin metal film covering the pair of elec-
trodes and the exposed surface of the substrate. This
film is capable of producing fluorides with low conduc-
tivity upon reacting with a decomposed gas produced
by internal faults of the electrical apparatus. Since the
thin metal film exhibits high response characteristics

- readily in reaction with even a trace amount of a de-

composed gas, it is possible to promptly detect faults
occurring in the electrical apparatus, such as a partial
discharge or local heating. In addition, a device for
detecting internal faults in an insulating gas charge elec-
trical apparatus using the internal fault detection ele-
ment utilizes an optical signal for transmitting signals.
Accordingly, the device is free from electromagneti-
cally induced interference and is capable of remote
monitoring because of the low level of loss in signal

transmission.

26 Claims, 15 Drawing Sheets
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ELEMENT AND DEVICE FOR DETECTING
INTERNAL FAULTS IN AN INSULATING GAS
CHARGED ELECTRICAL APPARATUS -

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an element and de-

vice for detecting internal faults in an electrical appara-

tus charged with an insulating gas. More particularly,
the present invention relates to a device for detecting
internal faults in an electrical apparatus charged with an
insulating gas such as SFg gas, by using the fact that the
presence of internal faults in the insulating gas charged
~electrical apparatus can be detected by the generation
of decomposed SFg gas.

2. Statement of Related Art

FIG. 1 is a partial cross-sectional view illustrating a
conventional internal fault detection device for an insu-
lating gas charged electrical apparatus incorporating an
internal fault element, as disclosed in, for instance, Japa-
nese Patent Publication No. 57-38091. In FIG. 1, a her-
metic grounded metal vessel 1 is provided in a part of an
electrical apparatus (not shown) charged with an insu-
lating gas such as SFg, the hermetic grounded metal
vessel 1 also being filled with SF¢ gas 2. A detection
element supposing container 3 is provided substantially
in the center of the hermetic grounded metal vessel 1.
An internal fault detection element 4 constituted by a
thin aluminum (Al) metal plate with a thickness of, for
instance, about 5um is supported inside the element
supporting container 3 in an upper portion thereof. In
addition, a substance 6 containing crystalized water
such as CuSO4e5H40O, which releases water upon coms-
ing into contact with a decomposed SFegas, is accom-
modated in a bottom portion of the element supporting
container 3. A plurality of gas permeable holes 7 are
provided on side surfaces of the element supporting
container 3. In addition, external conductors 8 con-
nected to an external circuit (not shown) are provided
on the outside of the hermetic grounded metal vessel 1.
Both ends of these external conductors 8 are electrically
connected to the internal fault detection element 4 via
insulated terminals 9 that pass air-tightly through a side
wall portion of the hermetic grounded metal vessel 1 as
well as via internal conductors 5 disposed inside the
‘hermetic grounded metal vessel 1.

The conventional internal fault detection device is
constructed as described above, and when a fault, such
as a discharge, occurs in the hermetic grounded metal
vessel 1, the SFs2 is decomposed to produce an active
fluorinated sulfur compound gas of SF4, SOF,, HF,
etc., i.e., a decomposed SFg gas. This decomposed SK¢
gas enters the inside of the element supporting container
3 through the through holes 7 provided in the side
surfaces thereof and is converted into HF upon reacting
with a trace amount of water which is present in the
SFs gas 2 in the container 3, and with water and the like
which is released from the substance 6 containing crys-
tallized water. The internal fault detection element 4
produces AlF; in a chemical reaction that takes place
inside the container 3 which contains both the decom-
posed SF¢ gas and water. That reaction

Al+ 3HF—AIF3+3/2H;

Thus, a part of the internal fault detection element 4
constituted by the conductive Al metal plate 1s con-
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2

verted into nonconductive AlF3 so that the value of its
resistance changes. Thus, by measuring the resistance
change by an external circuit via the external conduc-
tors 8, the occurrence of any fault in the electrical appa-
ratus can be detected. |
In the internal fault detection device described above,
since the internal fault detection element 4 is formed of
an Al metal plate, the reaction will not proceed ade-
quately unless a high-concentration of SFs gas is used.
Therefore, fault detection is only possible in cases
where a high-concentration of decomposed SF¢ gas is
present, as in the case of a ground fault, but the detec-
tion speed is low. However, fault detection cannot be
effected sufficiently in cases where the concentration of
the decomposed SFg gas is low as in the case of a partial
discharge or local heating. Further, there arises a prob-
lem in that a material which releases water uporrcoming
into contact with the decomposed SFg gas, such as the
crystallized water-containing substance 6, is required.
FIG. 2 is a cross-sectional view schemetically illus-
trating another device for detecting internal faults in an
insulating gas charged electrical apparatus which 1is
disclosed in Japanese Utility Model Laid-Open
61-40657. In FIG. 2, a hermetic vessel 11 for an electri-
cal apparatus charged with an insulating gas, such as
SF¢ is provided with a movable contactor 12, a nozzle
13 provided such as to surround this movable contactor
12, a fixed contactor 14 into which the movable contac-
tor 12 comes into contact and from which it moves
away, a high-voltage conductor 16 connected to the
fixed contactor 14, and a spacer 15 supporting the high-
voltage conductor 16. The hermetic vessel 11 is filled
with SFg gas 2. An opening 17a of the hermetic vessel
11 is provided with a flange cover 17, on which a de-
composed SFg gas detection portion 19 having an inter-
nal fault detection element is provided. A signal from
the decomposed gas detection portion 19 is supplied to
an external circuit (not shown) by means of conductors
20. A gas pipe 21a for introducing the SFg¢ gas 2 into the
hermetic vessel 11 is connected to a side pipe 215 of the
hermetic vessel 11 at a gas pipe jointing portion 21.
The decomposed SF¢ gas resulting from the genera-
tion of a discharge or local heating in a conducting
contact portion inside the SF¢ gas charged electrical
apparatus moves to the decomposed SFs gas detection
portion 19 by means of convection and diffusion, and
reacts with a sensitive material disposed on the decom-
posed SF¢ detection portion 19, thereby causing a
change in the electrical properties thereof. A signal
representing this change in electrical properties is trans-
mitted via the conductor 20 to a signal processing sec-
tion (not shown), which in turn issues an alarm indicat-
ing that a fault is present in the electrical apparatus.
When this decomposed SFg gas detection portion 19
is installed in an existing insulating gas charged electri-
cal apparatus which is not provided with a decomposed
SF¢ gas detection portion, additional machining must be
carried out so that the decomposed SFs gas detection
portion 19 can be installed on the flange cover 17.
That is, the decomposed SF¢ gas detection portion 19
is conventionally fixed to the inner side of the flange
cover 17, as shown in FIG. 2. Accordingly, there have
been problems in that the flange of an existing insulating
gas charged electrical apparatus must be machined or
modified during checkups or the like so as to allow the
instailation of the decomposed SF¢ gas detection por-
tion 19. |
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In addition, since the entire processing of signals from
the internal fault detection element of the conventional
apparatus as shown in FIG. 1 or 2 is effected electri-
cally, there has been other problems in that detection
accuracy is low in environments where a high electro-

magnetic field exists.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

provide an internal fault detection element which exhib-
its outstanding response characteristics by issuing a
quick response even to a low-concentration decom-
posed SFg gases, and which is capable of detecting at an
early stage faults such as discharge, local heating, etc.
occurring in an electrical apparatus, thereby solving the
problems of the prior art. -
- Another object of the present invention is to provide
an internal fault detecting device for use in an insulating
gas charged electrical apparatus which allows a decom-
posed SF¢ gas detection portion to be readily installed
without requiring any particular machining or modifi-
cation of an existing insulating gas charged electrical
apparatus.

Still another object of the present invention is to
provide an internal fault detection device which com-
prises a photoelectric conversion section for converting
a change in a current caused by a change in resistance of
an internal fault detection element into an optical signal,
and a signal processing section for processing the opti-
cal signal sent from the photoelectric conversion sec-
tion via an optical fiber. This apparatus provides the
advantages of high insulation, high pressure resistance,
non-inductiveness, low loss, light weight, and safety
that are peculiar to optical fibers, and makes it possible
to effect remote monitoring safely at high speed and
with high precision even in adverse environments
where high electromagnetic fields or the like exist, for
which remote monitoring has been difficult with a con-
ventional apparatus.

In order to achieve the above objects, according to
one aspect of the present invention, there i1s provided an
element for detecting internal faults in an insulating gas
charged electrical apparatus comprising: a substrate
formed of a non-conductive material and disposed in an
electrical apparatus which is charged with an insulating
gas; a pair of electrodes disposed on the substrate in a
spaced apart relationship; and a thin metal film disposed
on the substrate so as to extend over the electrodes for
electrical connection therebetween, the film being
formed of a material which is highly reactive with de-
composed components of the insulating gas which are
produced when the electrical apparatus internally fails,
the film changing its electrical resistance by reaction
with the decomposed gas components.

According to another aspect of the present invention,
there 1s provided a device for detecting internal faults in
an insulating gas charged electrical apparatus compris-
ing: an internal fault detection element disposed in the
electrical apparatus charged with an insulating gas for
detecting an internal fault in the electrical apparatus, the
element changing its electrical resistance by reaction
with decomposed components of the insulating gas
which are produced when the electrical apparatus fails,
the element having a pair of first and second electrodes;
a current supplying means connected to the first elec-

10

4

fault detection element for converting a change in the
magnitude of the current output from the second elec-
trode into an optical signal; and a signal processing
means connected to the photoelectric conversion means
for processing the optical signal supplied from the opti-
cal conversion means via an optical fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more readily appafent
from the following detailed description of a few pre-

 ferred embodiments thereof when taken in conjunction
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trode of the internal fault detection element for supply-

ing current to the element; a photoelectric conversion
means connected to the second electrode of the internal

with the accompanying drawings in which:
FIG. 1 is a partial cross-sectional view schematically
illustrating a conventional device for detecting internal

faults in an insulating gas charged electrical apparatus;

FIG. 2 is a cross-sectional view schematically illus-
trating another conventional device for detecting inter-
nal faults in an insulating gas charged electrical appara-
fus; '

FIG. 3A is a plan view of an internal fault detection
element for an insulating gas charged electrical appara-
tus in accordance with the present invention;

FIG. 3B is a cross-sectional view taken along the line
3B—3B of FIG. 3A;

FIG. 4A is a plan view of another internal fault detec-
tion element in accordance with the present invention;

FIG. 4B is a cross-sectional view taken along the line
4B—4B of FIG. 4A;

FIG. 4C 1s an enlarged cross-sectional view of an-
other internal fault detection element as shown in
FIGS. 4A and 4B;

F1G. 5 is a partial cross-sectional view of a hermetic
grounded metal vessel in which the internal fault detec-
tion element is provided;

FIG. 6 is a diagram illustrating a change in a resis-
tance value as a function of time when the internal fault

detection element shown in FIG. 3A is exposed to SF;

FIG. 7 is a partial cross-sectional view of the her-
metic grounded metal vessel in which the internal fault

detection element provided with an electronic refriger-

ating device is arranged;

FIG. 8 is a diagram illustrating a change in a resis-
tance value as a function of time when the internal fault
detection element arranged as shown in FIG. 7 1s ex-
posed to SFy;

FIG. 9 is a partial cross-sectional view of the her-
metic grounded metal vessel in which the internal fault
detection element provided with a temperature sensor 1s
arranged; |

FIG. 10 is a diagram illustrating a change in a resis-
tance value as a function of time when the internal fauit
detection element shown in FIG. 4A is exposed to SFa;

FIG. 11 is a cross-sectional view schematically illus-
trating an internal fault detection device provided with
an internal fault detection element in accordance with

the present invention;

FIG. 12 is a plan view of an internal fault detection
element installed in the internal fauilt detection device

-shown 1 FIG. 11;

FIGS. 13 and 14 are block diagrams of an internal
fault detection device in accordance with the present
invention; |

FIG. 15 is a diagram 1illustrating the relationships
between the amount of incident light and output current
according to one exampie of a photodiode used in an
internal fault detection device as shown in FIGS. 13 and

14; and
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FIG. 16 is a diagram illustrating the relationships
between current and output of light according to one
example of a light-emitting diode used in an internal
fault detection device as shown in FIGS. 13 and 14.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in detail with

reference to a presently preferred embodiment thereof

as illustrated in FIGS. 3A to 16.
FIG. 3A is a plan view of an internal fault detection

element 30 in accordance with the present invention,
‘while FIG. 3B is a cross-sectional view taken along the
line 3B—3B of FIG. 3A. In FIGS. 3A and 3B, the inter-
nal fault detection element 30 comprises a substrate 31
formed of, for instance, sintered Al,O3; electrodes, such

as gold (Au) electrodes 32, are disposed on both sides of

the surface of the substrate 31; and a flat metal film, such
as a thin silver (Ag) film 33 is disposed on the center of
the substrate 31 and the surfaces of the Au electmdes 32
Spannmg the Au electrodes 32.

4A is a plan view of another internal fault detection
element 40 in accordance with the present invention,
FIG. 4B is a cross-sectional view taken along the line
4B—4B of FIG. 4A, and FIG. 4C is an enlarged cross-
sectional view of another internal fault detection ele-
ment as shown in FIGS. 4A and 4B. In FIGS. 4A to 4C,
the internal fault detection element 40 comprises a sub-
strate 41 having a multiplicity of fine projections with a
thickness of a few microns to several tens of microns
and formed of, for instance, sintered Al;O3 obtained by
sintering Al,Ospowder; electrodes, such as Au elec-
trodes 32 are disposed on both sides of the surface of the
substrate 41; and a thin metal film, e.g. a thin Ag film 43
is disposed on an exposed surface of the substrate 41 and
the Au electrodes 32.

The internal fault detection element 30 and 40 1s pro-
vided on a flange 51 disposed in a hermetic grounded
vessel 50 which is installed in an SF¢ charged electric
apparatus (not shown), as shown, for instance, in FIG.
5, and is exposed to the SFg gas 2. Such an internal fault
detection element 30 or 40 is electrically connected to
an external circuit (not shown) via internal conductors
52, insulating sealed terminals 53 and external conduc-
tors 4.

In the internal fauit detection element 30 or 40 having
the above-described construction, if a fault such as a
discharge or local heating occurs inside the SFgcharged
electrical apparatus in which the internal fault detection
element 30 or 40 is installed, the SF¢ gas 2 1s decom-
posed to generate an active decomposed SF¢ gas such as
SF4 or SOF,. This decomposed SFg gas produces HF
upon reacting with a trace amount of water contained in
the SFg gas 2. The HF thus produced moves by natural
convection and diffusion and reaches the surface of the
internal fault detection device 30 or 40, where the HF
reacts with the thin Ag film 33 or 43, thereby producing
AgF as follows:

Ag+HF—AgF+3H>
Thus, since the thin Ag film 33 or 43 is converted into
a thin AgF film, the value of its resistance changes.
Therefore, it is possible to detect a fault such as a dis-
charge occurring inside the SF¢ charged electrical ap-
paratus by monitoring this change in the resistance
value through an external circuit (not shown) via the

external conductors 4.
FI1G. 6 illustrates the change in resistance value as a
function of time when the internal fault device 30 hav-
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ing the arrangement as shown in FIG. 3A or 3B is ex-
posed to SF4(concentration: 1%) at room temperature
under atmospheric pressure. In FIG. 6, curves A, B and
C show the results of measurement of the internal fault
detection element 30 in which thin Ag films 33 having
thicknesses of 100A, 300A and 1000Arespectively were
formed by, for instance, sputtering. Curve D shows, by
way of comparison, the results of measurement of the
conventional internal fault detection element 4 using the
Al plate with a thickness of 5Sum. The symbol | repre-
sents the time when the SF4 was introduced. As is ap-
parent from FIG. 6, the internal fault detection element
30 in the three respective cases A, B, C exhibited
greater response within a shorter time than that of the
internal fault detection element 4, i.e., the comparative
example D. Accordingly, at the time of the occurrence
of a ground fault or the like in which the concentration

of the decomposed SF¢ gas is high, it is possible to

detect the internal fault with considerably higher sensi-
tivity.

FIG. 7 shows a partial cross-sectional view illustrat-
ing the hermetic grounded metal vessel 50 in which the
internal fault detection element 30 or 40 is provided on
a temperature control device, e.g. and electronic refrig-
eration device 55. In this drawing, reference numbers 2,
30, 40, 50, 51, 52, 53 and 54 denote the same or corre-
sponding parts as those shown in FIG. 5. The internal

- fault detection element 30 or 40 is disposed on one sur-
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face of the electronic refrigeration device 55, and the
other surface of the electronic refrigeration device 33 is
disposed in such a manner as to be in contact with the
inner wall surface of the hermetic grounded metal ves-
sel 50. In addition, conductors 36 from a power source
for heating or cooling the electronic refrigeration de-
vice 55 are connected to the electronic refrigeration
device 55. The electronic refrigeration device 33 has a
high-temperature side surface and a low-temperature
side surface, and the internal fault detection element 30
or 40 can be heated by being disposed on the high-tem-
perature side surface. When the internal fault detection
device 30 or 40 is heated, the sensitivity of the thin Ag
film 33 or 43 is further improved. Consequently, the
detection at an early stage of such faults as partial dis-
charge and local heating in the SFg charged electrical
apparatus becomes even easier than in cases where the
internal fault detection element 30 or 40 is not heated,
even in low concentrations of decomposed SFg gas.
FIG. 8 shows a change in resistance value as a func-
tion of time when the internal fault detection element 30
having the arrangement as shown in FIG. 7 is exposed
to SF4 (concentration: 100 ppm) under atmospheric
pressure. In FIG. 8, curves E, F, and G show the resuits
of measurement at room temperature of internal fault
detection elements 30, in which thin Ag films 33 having
thicknesses of 100A, 300A and 1000A respectively were
formed by, for instance, sputtering. Curve H shows the
results measured when an electronic refrigeration de-
vice 55 having a thin Ag film 33 with a thickness of
1000A. formed thereon by, for instance, sputtering, was
heated to 80°C. The symbol | denotes the time when
the SF4 was introduced. As is apparent from FIG. 8, the
sensitivity was not so high when the internal fauit detec-
tion element 30 with a thin Ag film having a relatively
large thickness of 1000A was used. However, sufficient

sensitivity was obtained when the internal fault detec- -

tion element 30 was heated. Hence, it can be seen that
even a decomposed SFg gas with a very low concentra-
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tion can be detected. Furthermore, since the sensitivity
becomes higher by heating the internal fault detection
element 30, it is possible to use a thin Ag film 33 having
a thickness of 1000A or more.

In the above-described embodiment, Ag is used as the
material for the thin metal film, however, any metal
may be used if it is capable of forming a thin film of low
resistance and produces fluorides, sulfides, etc. with

d

reduced conductivity upon coming into contact with a -

decomposed SFg gas. In addition, in the above-

10

described embodiment, a case has been described in

which the high-temperature side of the electronic re-
frigeration device 55 was used as the device for control-
ling the temperature of the element 30 or 40. However,
it is also possible to cool the internal -fault detection
element 30 or 40 by using the low-temperature side of
the electronic refrigeration device 55. Namely, the in-
ternal fault detection element 30 or 40 is cooled below
the dew point of the SF¢ gas 2 so as to condense or
concentrate water and decomposed SF¢ gas on the sur-
face and vicinity of the internal fault detection element
30 or 40. Then, the internal fault detection element 30 or
40 is again heated to a high temperature thereby accel-
erating the formation reaction of the above-mentioned
fluoride. In this case, the concentrations of water and
the decomposed SF¢ gas can be increased, therefore,
making it possible to raise the sensitivity of the internal
fault detection element 30 or 40. In the above, cooling
and heating of the electronic refrigeration device 33
may be achieved by switching polarities of the elec-

tronic refrigeration device 55 to alternately change the

high temperature side and low temperature side of the
electronic refrigeration device 35.

In the above-mentioned embodiments, sintered
AlbO3 was used as the substrate 31 or 41. However,
another insulator having high thermal conductivity,
such as sintered boron nitride (BN), which does not
readily react with the decomposed gas and which has
‘high adhesiveness with the Au electrode 32 and the Ag
thin film 33 or 43, may also be used.

Moreover, as shown in FIG. 9, a temperature sensor
57 for the internal fault detection element 30 or 40 and
a temperature sensor 58 for the SF¢ may be provided
inside the hermetic grounded metal vessel 50. Outputs
from these temperature sensors 57 and 58 may be con-
nected to a temperature control circuit (not shown) via
conductors 59 and 60 for a power source so as t0 main-
tain a set temperature in the vicinity of the internal fauit
detection element 30 or 40. In this case, it is possible to
detect trace amounts of decomposed SF¢ gas on a stable
basis without being affected by the ambient tempera-
ture. | '

FIG. 10 shows a change in resistance value as a func-
tion of time when the internal fault detection element 40
is exposed to SFg (atmospheric pressure) including SF4
(concentration: 10 ppm). In FIG. 10, curve I shows the
results of measurement of the internal fauilt detection
element 40 in which a thin Ag film 43 having a thickness
of 300A was formed on the substrate 41 and which had
on its surface fine projections with a thickness of several
microns to several tens of microns formed by, for in-
stance, sputtering. Curve J shows, by way of compari-
son, the results of measurement of an internal fault de-
tection element 40 in which a thin Ag film 33 with a
thickness of 300A was formed on a substrate with a
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an Al plate with a thickness of Sum. The temperature of
each device was maintained at 80°C. The symbol |

denotes the time when the SF4 was introduced. As 1s
apparent from FIG. 10, the sensitivity of the conven-
tional internal fault detection element 4 using the Al
plate was very poor, but the internal fault detection
element 40 having the thin Ag film 43 formed on the
substrate 41 with the fine projections exhibited high-
sensitivity response with respect SF4, i.e, a decomposed
SFg gas. This internal fault detection element 40 exhib-
ited higher sensitivity than that of an internal fault de-
tection device 30 having the thin Ag film 33 on a
smooth substrate. This difference is considered to be the
result of the following. Namely, if the thin Ag film 43 1s
formed on the substrate 41 with the fine projections by
sputtering, the thickness of the film will not be uniform,
and thickner portions and thinner portions of the thin
Ag film 43 will be formed due to the uneven surface of
the substrate 41. Consequently, the activity of reaction
becomes higher in those thinner portions. In addition,
the difference is also partly due to the larger surface
area in the case of the substrate 41 having the fine pro-
jections. This is supported by the fact that in comparing
the specific resistance of the devices using the two dit-
ferent substrates, the specific resistance i1s greater in the

 case where the thin Ag film 43 was formed on the sub-
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smooth surface by, for instance, sputtering. Curve K

shows, by way of comparison, the results of measure-
ment of a conventional fault detection element 4 using

strate 41 having the fine projections.

Thus, by using an internal fault detection element 40
in which the thin Ag film 43 is formed on the substrate
41 having on its surface the fine projections with a

thickness of several microns to several tens of microns,

it is possible to detect promptly even internal faults in
which the concentration of the decomposed SFg gas 1s
low, such as when partial discharges and local heating
occur in an electrical apparatus.

FIG. 11 shows a cross-sectional view schematically
illustrating a conventional internal fault detection appa-
ratus as shown in FIG. 2, in which the internal fauit
detection element 30 or 40 in accordance with the pres-
ent invention is incorporated. In FIG. 11, the same
reference numerals as those of FIG. 2 denote the same
or corresponding portions. An internal fault detector 61
is clamped between a gas pipe 21a and side pipe 216 on
the gas pipe jointing portion 21. In FIG. 11, reference
numeral 172 denotes a flange cover which merely
serves to close an opening and is not provided with an
internal fault detection portion.

The internal fault detector 61 is arranged as shown In
FIG. 12. The internal fault detector 61 comprises a
support frame 62 constituted by a planar member hav-
ing a hollow portion 62a, and the internal fault detec-
tion element 30 or 40 fixed to a support crosspiece 625
provided in the hollow portion 62a. In addition, con-
ductors 54 for outputting a signal output from the inter-
nal fault detection element 30 or 40 to the external cir-
cuit (not shown) hermetically pass through the support
frame 62. - |

When the internal fault detector 61 is to be installed in
an insulating gas charged electrical apparatus which is
not provided with an internal fault detection apparatus,
the gas pipe is removed at the gas pipe jointing portion
21, the internal fault detector 61 is inserted into the gap,
and the gas pipe 21a and the side pipe 21b are then
joined with the internal fault detector 61 therebetween.

After joining, the SF¢ gas 18 inside the hermetic ves-
sel 11 and the thin Ag film 33 or 43 of the internal fault
detection element 30 or 40 come into contact with each
other. In this condition, if a discharge or local heating
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occurs, the SFg decomposes to form a decomposed SFg

gas. This decomposed SF¢ gas reacts with the thin Ag
film 33 or 43 thereby changing the electrical properties
thereof. This change in the electrical properties is de-
tected by electrodes 32, the detected signal representing
the change is sent to the external circuit (not shown) via
the conductors 54, and then an alarm 1S 1ssued by a
device (not shown).

In the above-described embodiment, a case has been
described in which the internal fault detector 61 is in-
stalled in an insulating gas charged electrical apparatus
not originally provided with an internal fault detection
apparatus. However, the internal fault detector 61 can,
of course, be provided in an electrical apparatus which
is to be newly installed. In this case, the installation is
carried out at the time of installing the piping.

Furthermore, as the flow of the gas is from an area of
the gas that is subject to measurement towards the out-
side due to temperature rises caused by solar heating or
the flow of current, if the sensitive surface of the inter-
nal fault detection element is disposed to face towards
the electrical apparatus, the contact between the de-
composed SF¢ gas and the sensitive surface thereof
- becomes even more reliable. Accordingly, an internal
fault of the electrical apparatus can be detected even
faster and more accurately.

FIG. 13 is a block diagram of the internal fault detec-
tion device in accordance with the present invention,
and the same or corresponding portions as those shown
in FIG. 5 are denoted by the same reference numerals.
In FIG. 13, one end of a conductor 54q is connected to
the input side of the internal fault detection element 30
or 40, the other end thereof is connected to a photoelec-
tric conversion section 71a, such as a photodiode, via an
amplifier 70a. The other end of this photodiode 71a 1s
connected to a signal processing section 73 by means of
an optical fiber 724. Similarly, one end of another con-
ductor 54bis connected to the output side of the internal
fault detection element 30 or 40, and the other end
thereof is connected to a photoelectric conversion sec-
tion 715, such as a light-emitting diode, via an amplifier
70 b. The other end of the light-emitting diode 71b is
connected to the signal processing section 73 by means
of an optical fiber 725. This signal processing section 73
is further connected to a remote monitoring and control
console 74 by means of an optical fiber 72¢. The photo-
diode 71a and the optical fiber 72a constitute current
supplying means.

FIG. 14 is another block diagram of the internal fault
detection device in accordance with the present inven-
tion, in which a constant-current generator 79 is used
instead of the amplifiers and the photoelectric conver-
sion section 71a as shown in FIG. 13.

FIG. 15 is a graph illustrating the relationship be-
tween the amount of incident light and output current
according to an example in which the photodiode 71a 1s
used in the internal fault detection devices as shown in
FIGS. 13 and 14. In FIG. 16, “L.’and “M” depict direct
current and pulse, respectively.

FIG. 16 is a graph illustrating the relationship be-
tween forward current and the output of light accord-
ing to an example in which the light-emitting diode 715
is used in the internal fault detection devices as shown in
FIGS. 13 and 14.

In the above-described device detecting internal
faults in SF¢ charged electrical apparatus, an optical
signal sent from the signal processing section 73 as
shown in FIG. 13 is transmitted to the photodiode 71a
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via the optical fiber 72a, where the optical signal 1s
converted into an electrical signal and is then amplified
70a to 1 mA or thereabout. If, for example, light of
6 X 10—3W is made incident upon the photodiode 71a,
an output current of 10—9%A is obtained, as is apparent
from FIG. 15. This output current is then amplified by
the amplifier 70q to 1 mA. The 1 mA current thus ob-
tained is led to the internal fault detection element 30 or
40 via the conductor 54q. If a fault occurs inside the
hermetic grounded metal vessel 50 in the electrical
apparatus, the SF¢1s decomposed and an active decom-
posed SFg gas such SF4 and the like is produced. This
decomposed SF¢ gas reacts with the amount of water
existing in the SFg and produces HF and the like. The
gas including HF converts good conductor Ag of the
thin Ag film 33 or 43 of the internal fault detection
element 30 or 40 into a poor conductor AgF, in the
manner as described above. As a resuit of the change in
the resistance of the thin Ag film 33 or 43, the current
flowing through the conductor 545 connected to the
output side of the internal fault detection element 30 or
40 changes. This changes of the electrical signal is am-
plified by the amplifier 705, the amplified electrical
signal is converted into an optical signal by the light-
emitting diode 715 and is then detected. For Instance,
when the thin Ag film 33 with a thickness of 3004, as
shown by. the curve B in FIG. 6, is used, the value of
resistance, which is normally 1.5}, 1s changed to 10Q
when a fault occurs. At this time, only a 0.15 mA cur-
rent flows through the conductor 546 although a 1 mA
current would otherwise flow. If this current is ampli-
fied 50 times by the amplifier 704, the current which
would otherwise by 50 mA is changed to 7.5mA. This
change in the current is subjected to photoelectric con-
version by the light-emitting diode 716 and, on the basis
of the relationship shown in FIG. 16, its optical output
changes from 6.5 mW to 1 mW. The optical signal thus
obtained is transmitted to the signal processing section
73 through the optical fiber 725, where the optical sig-
nal undergoes signal processing. Furthermore, if the
optical signal is sent to the remote monitoring control
console 74 using the optical fiber 72c, an internal fault
occuring in an electrical apparatus can be remotely
monitored.

In addition, if the constant-current generator 75 is
used as shown in FIG. 14, a current generated by the
generator 75 which produces a constant current of, for
instance, 1 mA, is supplied to the internal fault detection
element 30 or 40. The subsequent change in the signal
takes place in the same manner as the process as shown
in FIG. 13.

Further, according to another experiment performed
at the same time as the experiment using the thin Ag
film 33 according to FIG. 6, wherein a thin Ag film
having a sectional - area of
6 X 10—*mm?2(300 X 10— 'mm X 20 mm) with a thickness
of 300Aand an AL,Os3 substrate (40 mm X 20 mm) was

- used, no appreciable thermal effect was observed

65

through the application of a 500A/mm?current.

While a few presently preferred embodiments of the
present invention have been shown and described
herein, it will be apparent to those skilled in the art that
various changes and/or modifications thereof can be
made without departing from the spirit and scope of the
invention as defined in the appended claims.

What 1s claimed 1is:

1. An element for detecting internal faults in an insu-
lating gas charged electrical apparatus comprising:
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a substrate formed of a non-conductive materal;

a pair of electrodes disposed on said substrate mn a

spaced apart relationship; and

a thin metal film disposed on said substrate extending

over said electrodes and electrically connecting
them, said metal film reacting with decomposition
components of a fluorine compound insulating gas,
produced when electrical apparatus charged with
said insulating gas fails, to form metallic fluorine
compounds, thereby increasing the electrical resis-
tance of said film.

2. An element for detecting internal faults as claimed
in claim 1 wherein said substrate is formed of sintered
Al>Os.

3. An element for detectmg internal faults as claimed
" in claim 1 wherein said substrate is formed of sintered
BN.

4. An element for detecting mtemal faults as claimed
in claim 1 wherein said substrate is disposed on a heat-

ing element.
5. An element for detecting internal faults as claimed

in claim 4 wherein said heating element 1s a temperature

control device.
6. An element for detecting internal faults as claimed

in claim 1 wherein said substrate is disposed on an elec-
trical refrigeration element.

7. An element for detecting internal faults as claimed
in claim 6 wherein said electronic refrigeration element
is a temperature control device.

8. An element for detecting internal faults as claimed
in claim 5 wherein said temperature control device is
disposed in contact with an electrical apparatus.

9. An element for detecting internal faults as claimed
in claim 5 wherein said temperature control device 1s an
electronic refrigeration device.

10. An element for detecting internal faults as claimed
in claim 1 wherein said electrodes are gold electrodes.

11. An element for detecting internal faults as claimed
‘in claim 1 wherein said thin metal film is a thin silver
film.

12. An element for detecting internal faults as claimed
in claim 1 wherein the thickness of said thin metal film
1s 1000Aor less.

13. An element for detecting internal faults as claimed
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in claim 1 wherein said thin metal film i1s formed of 45

sputtered metal.

14. An element for detecting internal faults as claimed
in claim 1 wherein said substrate has fine projections
formed on its surface. |

15. An element for detecting internal faults as claimed
in claim 14 wherein the thickness of said fine projec-
tions on said substrate surface is several microns to
several tens of microns.

16. An element for detecting internal faults as claimed
in claim 14 wherein the thickness of said thin metal film
which covers said exposed surface of said_substrate
having fine projections is in the range of 200Ato 400A.

17. An element for detecting internal faults as claimed
in claim 1 wherein said element is disposed on a planar
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support havmg at least one central opening for installa-
tion at a gas pipe joint.

18. An element for detecting internal faults as claimed
in claim 17 including airtight electrical feedthroughs in
said support and electrical leads connected to said ele-
ment and extending through said support and feed-
throughs to the outside of said support.

19. An element for detecting internal faults as claimed
in claim 1 wherein said insulating gas is SF.

20. A device for detecting internal faults in an insulat-
ing gas charged electrical apparatus comprising:

an internal fault detection element for placement in an

electrical apparatus charged with a fluorine com-
pound insulating gas and for detecting internal
faults in said electrical apparatus by reacting with
decomposed components of said insulating gas
which are produced when said electrical apparatus
fails to form metallic fluorine compounds and
thereby increase in electrical resistance, said ele-
- ment having a substrate formed of a non-conduc-
tive material, a pair of first and second electrodes
disposed on said substirate in a spaced apart rela-
‘tionship, and a thin metal film disposed on said
substrate extending over said electrodes and elec-
trically interconnecting them;
current supplying means connected to one of sald
electrodes of said internal fault detection element
for supplying current to said element;

photoelectric conversion means connected to the
other of said electrodes of said internal fault detec-
tion element for converting a change in the magni-
tude of the current flowing through sald element
into an optlcal signal; and -

signal processing means connected to said photoelec-

tric conversion means for processing the optical
signal. |

21. A device for detecting internal faults as claimed 1n
claim 20 wherein said current supplylng means com-
prises a second photoelectric conversion means con-
nected to said signal processing section for converting a
second optical signal sent from said signal processing
section fiber into a current which is supplied to said

22. A device for detecting internal faults as claimed in
claim 21 wherein said second photoelectric conversion
means is a photodiode.

23. A device for detecting internal faults as claimed in
claim 20 wherein said current supplying means 1S a
constant-current generator for supplying a predeter-

mined constant current.
24. A device for detecting internal faults as claimed in

claim 20 wherein said photoelectric conversion sectlon
is a light-emitting diode.

25. A device for detecting internal faults as claimed in
claim 20 including an optical fiber cable and wherein
said signal processing section is connected to a remote
monitoring console by said optical fiber cable.

26. A device for detecting internal faults as claimed in

claim 21 wherein said insulating gas is SFs.
* * x * *
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